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SUMMARY

Investigationofthecontrolpaxsmetersofsmexternal-internal-
compressioninletindicatesthatthecowl-lipshockprovidesa signalto
positionthespikeendto starttheinletovera Machnumberrsngefrom
2.1to 3.0. Useofa singlefixedprobepositionto controlthespike
overtherangeofconditionsresultedina 3.7-countlossintotal-
pressurerecoveryatMach3.0and0°sngleofattack.Threeseparate
shock-sensing-probepositionswererequiredto setthespikeforpeak
recoveryfromMach2.1to3.0andsnglesofattackfrom0°to 6°.

Whentheinletwasunstsrted,snerroneoussignalwasobtainedfrom
thenormal-shockcontrolthroughmostofthestsrtingcyclethatpre-
ventedtheinletfromstsrttig.Therefore,itwasnecessaryto over-
ridethenormal-shockcontrolsignalsndnotallowthecontroltoposit-
ion thetermtislshockuntilthespikewaspositioned.

INTRODUCTION

Ihgeneral,variablefeaturesof supersonicinletsservetwopur-
poses:To obtainoptimmnsupersonicccxnpressionby pmitioningtheshock-
generatingsurfacessndtovaxytheairflowspillageforengine-inlet
matthing.Incontrollingvsriableinlets,bothofthesefunctionsmust
be considered.

131someapplicationsthesefunctionshavebeencombinedby having
thevariableshock-generatingsurfaceregulatetheflowspil.lsge.Con-
trolsforthistypeof inletarediscussedin references1 snd2. The
controlof inletsinwhichthetwofunctionsareseparateisdiscussed
inreferences3 and4. Theexternal-internal-compressioninletdescribed
inreference5 incorporatedinternalcontractionthatwasvariedbymeans
ofa translatingspike.Centerbodypositioningofthisinletisfurther

*Title,unclassified.
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complicatedbecauseovercontractionofthe
sadUndercontractioncauseslargerecovery

NICARM E58G08
●

inletcausesshockexpulsion
losses. .-”

Theinletdescribedinreference5 was-designedsothattheoblique
shockemanatingfrcmthecowlintersectedthecenterbodyshoulderat
optinnminternalcontractionatMachnumbersfrom3.0to2.0. BelowMach
2.0,thespikewasdesignedtoremainfixedrelativeto themaximum
throatarea.

An investigationwasmadetodeterminethefeasibilityofusingthe
firstcowlobliqueshockasa meansofpositioningthesptieaswellas
usinga staticpressureinthediffuserducttoregulateairflowspillage.
DataweretakenintheNAM Lewis10-by 10-footsupersonicwindtunnel
atMachnumbersfrom2.1to3.0andanglesof attackfrom0°to 6°.

SYMBOLS

M Machnumber

m massflow

P totalpressure,lb/sqft

P staticpressure,lb/sqft

a augleof attack,deg

e, anglebetween@s of spikeendlinejoiningconeapexsndcowllip,
(l deg

Subscripts:

r referencesignal

s sensingsignal

o freestresm

3 compressor-facestation

APPARATUS

n
:-

.

—

—

m PROCEDURE

A schematicdiagrsmoftheinletdescribedinreference5 is shown
infigure1. ThisinletW= designedsothatthecowl-lipobliqueshock
intersectsthecenterbodyshoulderat opttiumcontractionfromMach3.0 q
to2.0. Thespikepositionwascontrolledby sensingthelocationofthe .

.
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.
firstobliqueshockemanatingfrm thecowlby meansof a translating
Pitotprobee-endingfrcmthecenterbodyatthebottomoftheinlet.A
Pitotprobenearthecowlprovidedthereferencepressure.A detailed
diagrsmofthesensingandreferenceprobesis showninfigure2.

Thesensingandreferenceprobeswereconnectedto a differential
pressuretransducer(fig.1]. Thevoltageoutput,whichisproportional.
tothedifferencebetweenthereferenceandsensingsignal,wasfedinto
anelectronicswitchingunit,wheretheupperandlowervoltsgesofa
deadbandwereset. Theswitchingunitcontrolledthecenterbodyscrew-
jackactuator,whichextendedorretractedthesp~e fienfietr~sducer
signalwasoutsidethedeadbsnd. Airspillagethrougha bypasswas
simulatedinthisinvestigationby vsr@ngtiePositionoftiescrewj~-
actuatedexitplug. Thecontrolloopforcontroloftheexitplugwas
separatefrcmthespikecontrolsndmsdeuseoftemninal-shocklocation.
A choiceoffourstatic-pressureorifices,locatedh tied~f~er duct
as showninfigure3,wasavailableto sensethelocationofWe te~nal

; shock.Thesestaticorificeswereconnectedtopressuretransducerssnd
~ werereferencedto a constantpressure.Thetransduceroutputvoltage
~ wasfedintotheelectronicswitchingunitas inthespike-controlloop.

Transientrecordingsof spfie,Plwj =d probePosition>~We~er
withspikeml normsl-shocksignsl,weremadeatM=h 3.oto 2.1~d
sngles-ofattackfromOOto 6°.

RESUIJI!SANDDISCUSSION

Oblique-ShockControl

Thelocationoftheobliqueshockforoptimum
therangeof conditionstested,asmeasuredwitha

spikepositionover
translatingprobe

protrudingfranthecenterbodyonthebottomoftheinlet,isshownin
figure4. At Mach3.0,theanglebetweentheobliqueshocksnd’theinside
surfaceof thecowlincreasedwithincreasedangleofattack(fig.4(a]).
At 0° angleofatta ~ 82= 29.85°,theshockcaqsnatingfrcnnthe
sp~e tipimpingedontheinsidesurfaceofthecowlat optimuuspike
retraction.

Cmnpsrisonof a predictedanda measuredshocklocation(fig.4(b))
showsgoodagreementatMach2.5and3.0at zerosngleofattack.The
predictedshockpatternwasobtatiedbyasswdnglinesrvariationsof
flowpropertieswithconicalflow-fieldangle.Theflowbehindthefirst
cowlobliqueshockwasassmnedtohavethedirectionofthecowl.

ThecontrolsetpointatMachnunbersof3.0,2.8,2.5,and2.2is
● comparedwiththemaximwspikeretractedpositioninfigure5. Whenthe

.

coNFmEmIAL



4 CONFIDENT NAM RM E58G08
.

spikewasretractedbeyondthecontrolsetpoint,thesenstigsignalwas
higherthanthereferencesignalbecauseofvariationsintheshock . --
strengthcausedby theconicalflowfieldinfront.

..
Thisindicatedto

thecontrolthatthespikemustbe extended.Whenthespikewasextended
eheadofthecontrolsetpoint,thesensingprobepassedsheadofthe
obliqueshock,andthebowshockinfrontoftheshocksensorformedat
a higherMachnumber.Thiscausedthesensingsignaltobe lowerthan
thereferencesignal,whichindicatedtheinletwasundercontractedand B
thespikemustbe retracted.Ihtheunstutedcondition,thesensing IP
pressureWEWlowerthenthereferencepressurebecauseofthevariations
inbow-shockstrengthduetotheconicalflowfield.Thisindicatedto
thecontrolthatthespikemustbe extended.ThecontrolsignalforMach
3.0whentheinletwasuustartedisindicatedinfigure5. Becausethe
oblique-shock-sensingsignalpassedthro@ zero,therewasautomatic

—

altitudecompensation.Differencesinthemsximumandmintiumlimitsof
theoblique-shock-sensingsignalwereobtainedforprobelocationsother
thantheoneshmihinfigure5. Thiswascausedbyvsriationsin shock

—

strengthduetotheconicalflowfieldinfrontoftheprobe.

Therewaslittleornorelativemovementbetweenthefirstcowl
obliqueshockandthecenterbodywithmovementofthecenterbodywhenthe
obliqueshockfromthespikeimpingedontheinsidesurfaceofthecowl _ __
atMach.3.0,a = 0°,and 6Z= 29.850.At theconditionwhenshockim-
pingementoccurred,no interferencewiththecontrolresulted. —

Thesteady-stateoperationofthespikecontrolisshowninfigure
6,wherethecontrolsetpotitsaresuperimposedonthepeakinletper-
formancecurves.By usinganoptimumprobepositionforeachcontrolset
point,thespikewaspositionedata conditioncorrespondingtopesk
recovery.Themass-flowplug,inthiscase,wasmanmllyset. This
illustratestheabilityofthecontrolto setpeakrecovery.Becausethe
obliqueshockdidnotalwaysfallonthecenterbodyshoulderatthepesk-
recoveryposition,a differentprobepositionwasnecessaryforeachset
point(showninfig.6).

.—

Inletperformanceobtainablewiththespikecontrolusingthree
fixedprobepositions,optimizedforMachnumbersndangleofattack,is
showninfigure7. A probepositionthatwouldsetpeakperformanceat
Mach3.0sndzeroangleofattack(circlesymbol)wouldunstarttieinlet
atallotherconditionsby retractingthes~iketoofar. A probeposition
to setpeekinletperformanceovera rsnge.ofMachnmnbersfrom2.8to
2.5and0° angleofattack(squaresymbol)wouldunstarttheinletat30
snd6°sngleofattackandwouldresultina 2.5-countlossintotal-
pressurerecoveryatMach3.0and0°angleofattack.A probeposition
thatwouldsetnearpeskrecoveryat3° snd6°angleofattack(dismond
symbol)canoperateovertheentireMachnmber andsngle-of-attackrange,
butwillincura recoverylossof3.7countsatthedesigncondition R

.
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(Mach3.0and0° angleof attack).To positionthesptieforpeekpres-
. surerecoveryoverthersmgeofMachnumbersandangleof attackmentioned

wouldreqtiethreeshock-sensingprobepositions.BelowMsch2.0,the
optimumlocationofthespikeremainsfixedina positionthatmaintains
themaximumthroatarea. .

Normal-ShockControl

d+
a)oIn

Thenormsl-shockpressuresignalthatwasobtainedfroma wallstatic
orificeforMach3.0andzerosngleof attackis showninfigure8, along
withthecontrolsetpoint.Becamethecontrolpressureintheunstarted
conditionwaslowerthsnforpeekrecovery,thenormal-shockcontrol
receivedanerroneoussignaltodecreaseinsteadof incressetheweight
flow.As a result,thenormal-shockcontrolwouldnotallowtheinletto
start.Thismightbe remediedby properselectionof a referencepressure
orbymesnsofan overridesignalthatwouldcausebypassto openwhen
theinletisunstsrted.Evenwhentheinletwasstarted,thepressure
si~alneverreachedthevalueofthedesdbandexceptwhenthespikewas
neartheoptimumposition.Therefore,thespUsemustbe inposition
beforetheplugorbypasscanbe controlled.

Oblique-smdNormal-mockControlOperation

A tracetakenwithbothcontrolssettingpeakrecoveryis shownin
figure9. Theinletwasinitiallyunstartedbymanuallyclosingtheplug
toofsr. h figure9(a)thespfiecontrolwasturnedon audwasextend-
ingthespike.Thesignalto operatetheplugwasinthewrongdirection
sndwouldhaveclosedtheplug;consequently,theplugwasmanually
opened.M’tertheinletwasstarted,as shownby thesectionof tr=e
(fig.9(b)),andthespikewasnearitssetpetit,thenormal-shockcon-
trolwasturnedon. Rccsnthispointon,thecontrolactionwasautomatic.
Thespikepositionwasresetfirst(fig.9(d)),followedby theplug
(fig.9(e)).

SUMMARYOFRESULTS

fism investigationoftheuseofthecowl-lipoblique-shocksnd
normal-shocksenstigforcontrolofaaexternal-internsl-cmpression
inletintheLewisiO-by 10-footsupersonicwtid
resultswereobtatied:

1.Thecowl-lipobliqueshockas sensedby a
vialeda signaltopositionthespikeendto start

i nmnberrangefrom2.1to3.0.

tuanel,thefollowhg

totsl-headprobepro-
theinletovera Mach
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2.Threeseparateshock-sensing-probepositionswererequiredto
controlthespikeforoptimumcontractionovera Machnumberrangefrom
2.5to 3.0smdatsnglesof attackfrcm0°to 6°. Useof a fixedprobe
positionthatwouldcontrolthespikesothatitremainedstartedover
theentirersmgeresultedina 3.7-countlossintotal-pressurerecovery
atMach3.0end0° sngleof attack.

3.An erroneoussignalwasobtainedfrm thenormal-shocksensor,
whichwouldpreventtheinletfrcmstsrttig.Evenwhentheinletwas
started,thenormal-shocksignalneverreachedthedeadhnd, exceptwhen
thespikewasnesrtheoptimmnposition.Therefore,itwasnecessaryto
overridethecontrolsignalwhentheinletwasunstsrtedandto srrsnge
thecontroltoresetthespikefirstduringthereturntothecontrol
setpoint.

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Clevelaud,Ohio,July14,1958
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Figure1.-Schematicdiagrsmofoblique-shocksndnormal-shockcontrolsystem.



--

1 ,

obe

probe

—----2

Figure2. - Detsilofsensingsmlreferenceprobe for spike
control(dimensionsh tithes).

s



5084

Figure3. - Location of normal-shock-sensingstations.
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5$ (a)Effectof angleof attackcm oblique-shocklocationatMach3.0.
8
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(b)EffectofMachnumberon oblique-shockJocationat zeroangleof attack.

—

Figure4. - Locationof cowl-lipobliqueshockat optimumspikeposition.
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